Action of methylmercury on GABA(A) receptor-mediated inhibitory synaptic transmission is primarily responsible for its early stimulatory effects on hippocampal CA1 excitatory synaptic transmission.
Bath application of methylmercury (MeHg) causes an early stimulation before block of synaptic transmission in the CA1 region of hippocampal slices. Effects of MeHg and Hg++ on inhibitory postsynaptic potentials (IPSPs) or currents (IPSCs) and excitatory postsynaptic potentials (EPSPs) or currents (EPSCs) were compared to test whether or not early block by MeHg of GABA(A)-mediated inhibitory synaptic transmission and MeHg-induced alterations of the resting membrane potentials of CA1 neurons contribute to this initial enhancement of excitability. MeHg affected IPSPs and IPSCs similarly, and more rapidly than EPSPs and EPSCs. In contrast, although Hg++ blocked IPSPs more rapidly than EPSPs, times to block of IPSCs and EPSCs by Hg++ were virtually identical when CA1 neurons were voltage-clamped at their resting membrane potential levels. MeHg increased EPSC amplitudes before their subsequent decrease even when CA1 neuronal membranes were voltage-clamped at their resting potentials. This suggests that effects of MeHg on CA1 cell membrane potentials are not a major factor for MeHg-induced early stimulation of hippocampal synaptic transmission. Effects of MeHg and Hg++ on the reversal potentials for IPSCs also differed. Both metals blocked all outward and inward currents generated at different holding potentials. However, MeHg shifted the current-voltage (I/V) relationship to more positive potentials, although Hg++ shifted the I/V curve to more negative potentials. Hg++ was a less potent blocker of on IPSCs and EPSPs or EPSCs than was MeHg. To determine if the early increase in amplitude of population spikes or EPSPs is due to an action of MeHg at GABA(A) receptors, extracellular recordings of population spikes and intracellular recordings of EPSPs were compared with or without pretreatment of hippocampal slices with bicuculline. After preincubation of slices with 10 microM bicuculline for 30 to 60 min, MeHg only decreased the amplitudes of population spikes and EPSPs to block; no early increase of synaptic transmission occurred. Pretreatment of slices with strychnine, did not prevent MeHg-induced early increase in population spikes. MeHg also blocked responses evoked by bath application of muscimol, a GABA(A) agonist. Thus, block by MeHg of GABA(A) receptor-mediated inhibitory synaptic transmission may result in disinhibition of excitatory hippocampal synaptic transmission, and appears to be primarily responsible for the initial excitatory effect of MeHg on hippocampal synaptic transmission.